Experimental autoimmune encephalomyelitis (EAE) is a well-established animal model of multiple sclerosis (MS) in which the immune system attacks myelin protein of the central nervous system (CNS) and leads to inflammatory demyelination and oligodendrocyte loss (Frohman et al. 2006; Cassan and Liblau 2007; Compston and Coles 2008; Centonze et al. 2010; Moore 2010) . Although the precise trigger for MS remains elusive, resident microglia and blood-derived monocytes or macrophages seem to play a central role in the pathogenesis of MS and EAE (for review, see Gandhi et al. 2010; Almolda et al. 2011; Chastain et al. 2011 ). Elimination of macrophages or microglia suppresses clinical and histopathological manifestations in rodent models of MS (Brosnan et al. 1981; Huitinga et al. 1990; Bauer et al. 1995; Polfliet et al. 2002; Heppner et al. 2005) , and infiltrating blood-borne monocytes trigger EAE progression to the severe form of the disease (Ajami et al. 2011 ). In addition, astrocytes, CNS-resident glial cells, play an active role in the pathogenesis of EAE and MS (Voskuhl et al. 2009 ; Toft-Hansen et al. 2011), and their activation is a prominent feature in EAE and MS (Aquino et al. 1988; Liedtke et al. 1998) .
Recent studies have shown that vascular endothelial growth factor (VEGF) participates in the pathogenesis of MS and EAE by inducing focal blood-brain barrier breakdown, angiogenesis, and inflammatory infiltration into lesions (Proescholdt et al. 2002; Kirk and Karlik 2003; Su et al. 2006; Tham et al. 2006; Sasaki et al. 2010; Seabrook et al. 2010) . Most of these studies have focused on VEGF-A and its two tyrosine kinase receptors: VEGFR-1 and
Materials and Methods

Animal Preparation and Assessment of Clinical Signs of EAE
All surgical interventions and presurgical and postsurgical animal care were provided in accordance with the Laboratory Animal Welfare Act, the Guide for the Care and Use of Laboratory Animals, and the Guidelines and Policies for Rodent Survival Surgery provided by the IACUC (Institutional Animal Care and Use Committee) in the School of Medicine, The Catholic University of Korea.
EAE was induced in adult female Lewis rats (180-200 g) . Animals were immunized by a single subcutaneous injection into the dorsal base of the tail with 200 µl of an emulsion containing equal parts of myelin basic protein (MBP, 1 mg/ml; Sigma, St. Louis, MO) and complete Freund's adjuvant (CFA) supplemented with Mycobacterium tuberculosis H37Ra (5 mg/ml; Difco, Detroit, MI). Animals injected with the same emulsion without MBP were used as CFA controls. All MBP-injected rats were evaluated daily for the presence of clinical symptoms using the following clinical scoring scale: 0, no clinical sign; E1, incomplete tail paralysis; E2, complete tail paralysis; E3, unsteady gait or incomplete paraplegia; E4, complete paraplegia; and E5, hind limb and forelimb paralysis (Gao et al. 2010) . EAE rats were sacrificed at different phases of the EAE course: control, onset (EAE score, E1 to E2, 7-10 days postimmunization [PI]), peak (EAE score, E3 to E4, 13-15 days PI), and recovery (EAE score, 0, 30 days PI). For histological studies, seven animals were included in each group. To examine the distribution of VEGFR-3 expression over the chronic interval of 10 weeks after immunization, three rats were allowed to live for 10 weeks PI.
Animals were deeply anesthetized with 16.9% urethane (10 ml/kg) and killed by transcardial perfusion with a fixative containing 4% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB, pH 7.4). The lumbar segment of the spinal cord was removed and postfixed for 2 hr in the same fixative. After treatment with 30% sucrose, spinal cords were embedded in OCT compound and stored at -70C. For qRT-PCR and immunoblot analysis, six rats from each of the three groups (control, peak, and recovery) were deeply anesthetized and perfused with 0.1 M PB (pH 7.4). White matter from the lumbar spinal cord was excised under a microscope and immediately frozen in liquid nitrogen. Samples were stored at -70C until further processing. Spinal cord sections were routinely stained with hematoxylin-eosin and luxol fast blue for histological studies.
Quantitative Real-Time RT-PCR
Control rats and EAE rats at peak and recovery stages were sacrificed as described above. Total RNA was extracted from the white matter of the lumbar spinal cord with RNAlater (Ambion, Inc., Austin, TX), and the purity and yield of the RNA were determined spectrophotometrically. One microgram of total RNA from each sample was transcribed into first-strand cDNA using reverse-transcriptase M-MLV (Takara Korea Biomedical, Inc., Seoul, Korea) in a total volume of 20 µl according to the manufacturer's instructions. Equal amounts (1 µl) of cDNA were real-time amplified in a Rotor-Gene RG-6000 (Corbett Research, Mortlake, Australia) using the SYBR Premix EX Taq kit (RR420A, Takara Korea Biomedical, Inc.). The primers were designed at the Internet site provided by Integrated DNA Technologies, Inc. (Coralville, IA; http://eu.idtdna. com/Scitools/Applications/RealTimePCR/). The sequences of the primers used were as follows: VEGFR-3, accession number NM_053652, forward CGAGACTGGAAGG AGGTGA and reverse TGTACATGGCTGACACATTGG; VEGF-C, accession number NM_053653, forward CGCT GTGTCCCATCATATTG and reverse CCATGGTCCC ACAGAGTCTT; and GAPDH, accession number NM_ 017008, forward GGATGGAATTGTGAGGGAGA and reverse GTGGACCTCATGGCCTACAT. The primers were verified to generate a single PCR product using gel electrophoresis after conventional PCR. The PCR conditions were as follows: incubation for 10 min at 95C, followed by 45 cycles of denaturation at 95C for 10 sec, annealing at 60C for 15 sec, and extension at 72C for 20 sec. A reaction mixture lacking cDNA was used as the negative control. The data were analyzed using Rotor-Gene 6000 Series software (version 1.7.75; Corbett Research) . The expression level of VEGF-C or VEGFR-3 was calculated using the comparative threshold cycle method (2 -ΔΔCt ) with GAPDH as the control gene.
In Situ Hybridization Histochemistry and Double/Triple Labeling
Specific sequences for VEGFR-3 were prepared using RT-PCR, and antisense and sense riboprobes were labeled with digoxigenin (DIG) using in vitro transcription, as described previously (Shin et al. 2008) . Coronal cryostat sections (25 µm thick) of the lumbar spinal cords were cut and processed free floating for in situ hybridization. Each well contained spinal cord sections representing the different phases of the EAE course, to ensure consistent in situ hybridization conditions. The sections were hybridized with antisense or sense probes diluted in hybridization solution (150 ng/ml) at 52C for 18 hr. Hybridization was visualized using an alkaline phosphatase-conjugated sheep anti-DIG antibody (Roche, Grenzach-Wyhlen, Germany; dilution 1:2000) with 4-nitroblue tetrazolium chloride (0.35 mg/ml) and 5-bromo-4-chloro-3-indolyl phosphate (0.18 mg/ml) as substrates. Tissue sections were visualized using a microscope and photographed using a digital camera (Jenoptik, Berlin, Germany). Images were converted to TIFF format and contrast levels adjusted using Adobe Photoshop v. 7.0 (Adobe Systems, San Jose, CA). The same intensity of light in the microscope and the same parameters in the digital camera were used when images were acquired, with minor adjustments to ensure uniform contrast for all figures. After hybridization, as described above, some sections were incubated with biotin-conjugated mouse monoclonal anti-DIG antibody (Jackson ImmunoResearch, West Grove, PA; dilution 1:200) overnight at 4C. For double or triple immunofluorescence, sections were incubated at 4C overnight with the following antibodies: mouse monoclonal antibodies to ED1 (CD68) (Serotec, Oxford, UK; dilution 1:100), glial fibrillary acidic protein (GFAP; Millipore Corporation, Temecula, CA; dilution 1:500), and rabbit polyclonal antibodies to VEGFR-3 (Abnova, Taipei, Taiwan; # PAB11653; dilution 1:70), ionized calcium-binding adaptor molecule 1 (Iba1; Wako Pure Chemical Industries Ltd., Tokyo, Japan; dilution 1:500), laminin (Sigma; dilution 1:100), and neuron-specific enolase (NSE; Millipore Corporation; dilution 1:500). Antibody staining was visualized with Cy3-conjugated streptavidin (Jackson ImmunoResearch; dilution 1:1500), Alexa Fluor 488 goat anti-mouse (Molecular Probes, Eugene, OR; dilution 1:300), Alexa Fluor 488 goat anti-rabbit (Molecular Probes; dilution 1:300), Alexa Fluor 647 goat anti-mouse (Molecular Probes; dilution 1:300), and Alexa Fluor 647 goat antirabbit (Molecular Probes; dilution 1:300). The specificity of immunoreactivity was confirmed by the absence of an immunohistochemical reaction in sections from which primary or secondary antibodies were omitted. Counterstaining of cell nuclei was carried out by incubating the sections with DAPI (4′,6-diamidino-2′-phenyindole; Roche; dilution 1:1000) for 10 min. Slides were viewed with a confocal microscope (LSM 700; Carl Zeiss Co., Ltd., Jena, Germany) equipped with four lasers (Diode 405, Argon 488, HeNe 543, HeNe 633). Images were converted to TIFF format and contrast levels adjusted using Adobe Photoshop version 7.0.
Immunoblot Analysis
Control rats and EAE rats at peak and recovery stages were sacrificed as described above. White matter from the lumbar spinal cord was homogenized in ice-cold RIPA buffer (50 mM Tris buffer, pH 8.0; 150 mM NaCl; 1% NP-40; 0.5% deoxycholate; and 0.1% SDS). Equal amounts (20 µg) of total protein from the spinal cord were separated on 7% or 10% SDS-polyacrylamide gels and blotted onto nitrocellulose membranes. Immunostaining of the blots was performed using rabbit polyclonal antibody to VEGFR-3 (Abnova; dilution 1:1000). Antibody staining was visualized with peroxidase-conjugated donkey anti rabbit antibody (Jackson ImmunoResearch; dilution 1:2000). Bands were developed with an enhanced chemiluminescence system (ECL kit; Amersham, Arlington Heights, IL).
Immunohistochemistry and Double Labeling
Free-floating sections (25 µm thick) were processed for immunohistochemistry. After blocking with 10% normal goat serum for 1 hr, sections were incubated at 4C overnight with primary antibodies as follows: rabbit polyclonal antibodies to VEGFR-3 (Abnova; dilution 1:70), amyloid precursor protein (APP; Sigma; dilution 1:1000), and degraded myelin basic protein (dMBP; Chemicon International, Inc., Temecula, CA; dilution 1:2000). Primary antibody binding was visualized using peroxidase-labeled goat anti-rabbit IgG (Millipore Corporation; dilution 1:200) and 0.05% 3,3′-diaminobenzidine tetrahydrochloride (DAB) and 0.01% H 2 O 2 as the substrate. Five cryostat sections per each animal were used for each antibody.
Reproducible changes in both the staining intensity and the distribution of these immunoreactivities were observed during the course of EAE. The specificity of these antibodies was confirmed by the absence of an immunohistochemical reaction in sections from which the primary or secondary antibodies were omitted or in which the primary antibody was substituted with nonspecific rabbit IgG.
For double-immunofluorescence histochemistry, sections were incubated at 4C overnight with a mix of rabbit polyclonal anti-VEGFR-3 antibody and one of the following monoclonal antibodies: mouse anti-rat endothelial cell antigen-1 (RECA-1; Serotec; dilution 1:200), mouse antirat CD45 (Serotec; dilution 1:100), or rat anti-MECA-32 (BD Pharmingen, La Jolla, CA; dilution 1:20). Antibody staining was visualized with Cy3-conjugated anti-rabbit antibody (Jackson ImmunoResearch; dilution 1:1500) and Alexa Fluor 488 goat anti-mouse antibody (Molecular Probes; dilution 1:300). In controls, the primary antibody was omitted from the incubation solution. Counterstaining of cell nuclei was carried out by incubating the sections with DAPI for 10 min. Control sections were prepared as described above.
To detect blood-brain barrier (BBB) leakage of MBPinjected rats, we used the method of Morita and Miyata (2012) with minor modifications. CFA control and EAE rats at onset and peak stages were deeply anesthetized and perfused with the mixture of 1% Evans Blue (Sigma) and 4% PFA in 0.1 M PB for 20 min, followed by perfusion with 4% PFA in 0.1 M PB for 40 min. Double labeling with VEGFR-3 and Evans Blue staining was achieved by processing the sections for VEGFR-3 immunohistochemistry as described above but using Alexa Fluor 488 goat anti-rabbit (Molecular Probes; dilution 1:300) as a secondary antibody. The sections were then cover-slipped with mounting medium and observation was performed using a confocal microscope (LSM 700). Counterstaining of cell nuclei was carried out with DAPI for 10 min. Control sections were prepared as described above.
Results
As previously reported (Gao et al. 2010 ), most MBPimmunized Lewis rats showed initial neurological signs of EAE on days 7 to 10 after immunization, followed by a peak of clinical symptoms on days 13 to 15. Animals were fully recovered by days 18 to 19 after immunization. Control rats showed no evidence of cellular infiltration and a paucity of myelin, indicative of demyelination in the spinal cord (Suppl. Fig. S1A, B , E, G) as determined by routine pathology with luxol fast blue and immunostaining for APP, a marker of axonal damage (Gentleman et al. 1993) , or dMBP, a marker for damaged myelin (Matsuo et al. 1997 ; Moxon-Emre and Schlichter 2010). However, EAE rats showed considerable cellular infiltrates in the menin-ges, in the perivascular space, and throughout the white matter in which punctate APP-and dMBP-immunoreactive profiles, indicating damaged axons and myelin, had accumulated inside myelinated bundles (Suppl. Fig. S1C ,D,F,H). These general pathological features are consistent overall with data reported previously (Lassmann and Wisniewski 1979; Itoyama and Webster 1982) .
Quantitative Real-Time RT-PCR for VEGF-C and VEGFR-3 during the Course of EAE
Real-time RT-PCR revealed that mRNA expression of the VEGF-C gene was significantly increased in the lumbar spinal cord white matter of EAE rats compared with those of CFA controls. The levels increased to maximum values during the peak stage of EAE and then declined, although the enhanced expression appeared maintained until the recovery stage (Fig. 1A) . The expression of VEGFR-3 mRNA in the white matter tissue obtained from control and EAE rats showed a temporal pattern similar to that of VEGF-C ( Fig. 1B ).
Spatiotemporal Relationships of VEGFR-3 mRNA and Protein during the Course of EAE
The distribution and cellular localization of VEGFR-3 mRNA during the course of EAE were examined in the lumbar spinal cord of Lewis rats using in situ hybridization histochemistry. In normal ( Fig. 2A , E) and CFA controls The expression level of VEGF-C and VEGFR-3 was calculated using the comparative threshold cycle method (2 -ΔΔCt ) with GAPDH as the control gene. The expression level of VEGF-C and VEGFR-3 in the CFA control was set to 1. Both VEGF-C and VEGFR-3 expression increased and reached a peak during the peak stage of EAE and then declined at the recovery stage. *p<0.05 compared with CFA controls.
(Suppl. Fig. S2A ), VEGFR-3 mRNA was found in abundance in gray matter neurons and at a weaker intensity in some scattered cells in the white matter. Specificity was verified by the lack of signals when hybridization was carried out in the presence of an excess of a sense-stranded probe, even at a concentration three times that of the antisense probe (data not shown). During the course of EAE, VEGFR-3 mRNA hybridization was upregulated in gray and white matter by the onset stage and became more evident at the peak stage. In the onset stage, prominent enrichment was seen in patchy accumulations of cells preferentially in the white matter (Fig. 2B) . As shown at higher magnifications, these cells in the white matter seemed to be glial cells (Fig. 2F ). In the peak stage, intense hybridization signals were found in small cells with glial morphology throughout the gray and white matter (Fig. 2C, G) . During the recovery phase, the labeling intensity of VEGFR-3 mRNA, although still more evident than in control spinal cords, was considerably reduced from that at the peak (Fig.  2D, H) . Over the chronic interval of 10 weeks after immunization, VEGFR-3 expression declined toward control levels (Suppl. Fig. S2C, D) .
The spatiotemporal distribution pattern of VEGFR-3 immunoreactivity closely matched that of VEGFR-3 mRNA. Immunoreactivity for VEGFR-3 in the control spinal cord could be seen in gray matter neurons and in some glia-like cells in the white matter (Fig. 2I, M and Suppl. Fig.  S2B ). At the onset stage (Fig. 2J) , VEGFR-3 immunoreactivity increased in the white matter and, at the peak stage ( Fig. 2K, N) , immunoreactivity had preferentially increased throughout the gray and white matter. VEGFR-3 immunoreactivity then declined during the recovery stage of EAE but was still intense compared with controls (Fig. 2L ). The distribution pattern and morphology of these immunoreactive cells suggested that they are glial cells.
These results of the immunohistochemical analysis were further corroborated by immunoblot analysis of VEGFR-3 expression ( Fig. 2O ). Immunoblotting revealed two major bands, about 125 kDa and 170 kDa, in protein extracts from the lumbar spinal cord white matter of control and EAE rats, which is in agreement with observations in previous studies (Lee et al. 1996; Petrova et al. 2008) . The intensity of the VEGFR-3 protein seemed to increase during the peak stage of EAE and then declined but remained at a high level during the recovery stage as compared with normal controls.
To define the precise localization and relationship of VEGFR-3 gene transcripts and protein in the spinal cord with EAE, double labeling using in situ hybridization and immunohistochemistry was performed. In the controls, cells positive for VEGFR-3 mRNA and protein were mainly gray matter neurons and some glia-like cells in the white matter (data not shown). In the onset stage of EAE, rounded cells that appeared to be brain macrophages adjacent to vascular profiles expressed both VEGFR-3 mRNA and protein (Fig. 3A-D) . In addition, the distribution of VEGFR-3 mRNA overlapped well with its protein expression in gray and white matter of the spinal cord during the peak stage of EAE ( Fig. 3I-L) . Double labeling using VEGFR-3 and RECA-1, a marker for blood vessels, revealed that VEGFR-3 expression was closely associated with the vascular wall in EAE-affected rats ( Fig. 3E -H,M-P). Thus, VEGFR-3 mRNA and protein generally co-localized on the same populations of neurons and glia-like cells located in the gray and white matter in the spinal cord of control and EAE-affected rats, and VEGFR-3 expression was often associated with blood vessels.
The Phenotype of VEGFR-3-Expressing Cells during the Course of EAE
To clarify the phenotype of cells expressing VEGFR-3 in control and EAE-affected rats, double or triple labeling using cell type-specific markers was performed. As described above, VEGFR-3 mRNA was observed in the gray and white matter of control spinal cords, where GFAP-positive astrocytes showed thin astroglial processes and Iba1-positive microglia exhibited a ramified morphology ( Fig. 4A-C) . As shown at higher magnifications of control spinal cords ( Fig.  4D-I) , constitutive expression of VEGFR-3 mRNA was observed in a subset of astrocytes in the white matter, especially near the surface of the spinal cord, but not in gray matter astrocytes. By contrast, Iba1-positive microglia located in both gray and white matter were devoid of specific VEGFR-3 expression ( Fig. 4D-I) . Instead, intense VEGFR-3 expression was observed in gray matter neurons showing the neuronal cell marker NSE ( Fig. 4J-L) .
We also defined the phenotype of cells expressing VEGFR-3 in the onset stage of EAE-affected rats. Triple labeling with VEGFR-3, GFAP, and Iba1 indicated that virtually all of the perivascular cells expressing VEGFR-3 in the white matter were indeed Iba1-immunoreactive microglia/ macrophages, whereas some astrocytes in close proximity with these perivascular clusters showed VEGFR-3 expression ( Fig. 5A-H) . We further characterized these microglia/ macrophages expressing VEGFR-3 by triple labeling with VEGFR-3, Iba1, and ED1. VEGFR-3 expression was localized in Iba1 + /ED1 + cells associated with vessels; these cells had a large, round shape and fewer shorter processes, resembling amoeboid-like brain macrophages, whereas most Iba1 + / ED1cells were devoid of specific labeling for VEGFR-3 ( Fig. 5I-P) . In addition, triple labeling with VEGFR-3, ED1, and laminin confirmed that ED1-positive macrophages expressing VEGFR-3 were often associated with lamininpositive vascular profiles ( Fig. 6A-F ). In addition, double labeling using VEGFR-3 and the pan-hematopoietic marker CD45, which is expressed on all nucleated hematopoietic cells or leukocytes (Penninger et al. 2001) , revealed that nearly all of CD45-positive cells coexpressed VEGFR-3 ( Fig. 6G-J) . VEGFR-3/CD45 double-labeled cells were associated with blood vessels or distributed intraparenchymally and appeared to be macrophage-like cells, in agreement with the previous study that blood-derived macrophages expressed CD45 (Guillemin and Brew 2004) .
Finally, we identified the phenotype of cells expressing VEGFR-3 in the spinal cord with the peak stage of EAE rats, where increased immunoreactivity for astrocytes and microglia/macrophages was observed compared with those of control rats (compare Fig. 7A-C with Fig. 4A-C) . As shown at higher magnifications of the white matter of these EAE rats (Fig. 7D-F) , most of the reactive astrocytes and microglia/macrophages expressed hybridization signals for VEGFR-3. In the gray matter ( Fig. 7G-I) , however, cells expressing VEGFR-3 strongly were neurons or activated stellate microglial cells with thick and short processes, whereas reactive astrocytes with thick glial processes were devoid of specific labeling for VEGFR-3.
To determine whether vessel-associated VEGFR-3 expression could be related to BBB damage that occurred in EAE rats, animals were perfused intracardially with Evans Blue added in a fixative solution. The observation by confocal microscopy of Evans Blue fluorescence revealed that although CFA control rats showed no noticeable extravascular fluorescence (data not shown), EAE rats showed considerable red Evans Blue fluorescence around the vessels in the white matter (Suppl. Fig. S3A-C) , indicating that the BBB is impaired and extravascular leakage of fluorescence is possible (Saria and Lundberg 1983; del Valle et al. 2008; Strbian et al. 2008; Morita and Miyata 2012) . Double labeling with VEGFR-3 and Evans Blue staining revealed that VEGFR-3 expression appeared associated with vascular profiles fluorescing with Evans Blue in the white matter of EAE rats (Suppl. Fig. S3D-F) . To further confirm whether VEGFR-3 expression was associated with blood vessels in which the BBB was disrupted, double Figure 3. Spatiotemporal relationship of vascular endothelial growth factor receptor-3 (VEGFR-3) mRNA and protein in the lumbar spinal cords of experimental autoimmune encephalomyelitis (EAE)-affected rats at onset (A-H) and peak stages (I-P). Note that VEGFR-3 mRNA and protein are generally co-localized in the same population of neurons and glia-like cells located in the gray and white matter in the spinal cords of EAE rats. Also note that rounded cells resembling brain macrophages adjacent to rat endothelial cell antigen-1 (RECA-1)-positive blood vessels expressed both VEGFR-3 mRNA and protein in EAE rats. labeling using VEGFR-3 and MECA-32, a marker of immature/leaky cerebral vessels (Milner et al. 2008; Li et al. 2012) , was performed. As shown in Supplementary Fig.  S3G -O, VEGFR-3 expression was localized or in close vicinity to the blood vessels showing MECA-32 immunoreactivity in EAE-affected rats.
Discussion
In the present study, for the first time to our knowledge, we demonstrated the significant increase in the expression of VEGF-C and its tyrosine kinase receptor, VEGFR-3, in the white matter of EAE rats. In addition, we observed a detailed characterization of the time course and cellular localization of VEGFR-3 mRNA and protein expression in the spinal cord during the course of EAE. Constitutive expression of VEGFR-3 mRNA in the spinal cord was observed in gray matter neurons and in a subset of white matter astrocytes, but neither resting ramified microglia nor gray matter astrocytes showed specific labeling for VEGFR-3. In animals afflicted with EAE, upregulation of VEGFR-3 expression was readily detected in the spinal cord, becoming increasingly prominent during disease progression. The spatiotemporal expression of VEGFR-3 mRNA and protein exhibited overlapping patterns in control and EAE-affected spinal cords, except for sustained immunoreactivity during the recovery stage of EAE. Consistent with these findings, immunoblot data showed that upregulation of VEGFR-3 protein in the microdissected white matter was more pronounced during the peak stage of EAE compared with normal controls, and this pattern remained in the recovery stage.
In EAE-affected rats, upregulation of VEGFR-3 expression was induced in association with microglia/macrophages, which showed different characteristics during the course of disease progression. During the inductive stage of EAE, VEGFR-3 was induced in almost all Iba1/ED1 double-labeled cells, which were predominantly localized in the perivascular infiltrated area in the white matter and had the morphology of large, round, ameboid-like macrophages, as observed previously (Bauer et al. 1995) . Thus, these characteristics of VEGFR-3-expressing brain macrophages suggest that, although infiltrating blood-borne monocytes or macrophages and reactive microglia are not distinguishable by morphological criteria due to a lack of discriminating specific markers (Guillemin and Brew 2004; Graeber and Streit 2010; Kofler and Wiley 2010) , these cells might be infiltrating macrophages. In support of this, VEGFR-3 is expressed in bone marrow-derived cells, including macrophages, monocytes, and dendritic cells (Skobe et al. 2001; Hamrah et al. 2003 Hamrah et al. , 2004 Stepanova et al. 2007) , and in infiltrating monocytic macrophages within the ischemic brain (Shin et al. 2008 (Shin et al. , 2010 . In agreement with these previous reports, our observations demonstrated that a population of round VEGFR-3-expressing cells appeared in the vicinity of blood vessels with the BBB impairment, as shown by red Evans Blue fluorescence or MECA-32 immunoreactivity during the inductive and peak stages of EAE. This suggests that VEGFR-3 expression could be induced in line with the BBB leakage in EAE rats. In addition, double labeling using VEGFR-3 and CD45 revealed that nearly all of round and amoeboid CD45-positive cells around blood vessels coexpressed VEGFR-3. Taken together, these results suggest that these VEGFR-3-expressing cells may correspond to bloodborne monocytes and macrophages.
In addition to these blood-borne macrophages, we also found that, mainly during peak EAE disease, VEGFR-3 expression occurred in Iba1-positive stellate-shaped cells with thick and short processes. Considering that the progressive activation of microglial cells is characterized by morphological transformation from ramified resting cells to bush-like cells during early activation, and ultimately to phagocytic cells (Ladeby et al. 2005) , it seems that the induction of VEGFR-3 expression occurred in activated resident microglia. Thus, it is probable that, during the inductive phase of EAE, VEGFR-3 expression was upregulated predominantly in infiltrating macrophages; a further increase in expression was also observed in activated microglia with increasing disease severity.
The rapid recruitment of blood-borne macrophages and activation of resident microglia and perivascular macrophages are among the most consistent changes observed in MS and EAE (Brosnan et al. 1981; Matsumoto et al. 1992; Bauer et al. 1995; Raivich and Banati 2004; Centonze et al. 2010; Slavin et al. 2010 ). These cells can present antigens; secrete a wide range of molecules such as cytokines, chemokines, and reactive oxygen radicals; and may be involved in the initiation of the immune response (Benveniste 1997; Raivich and Banati 2004; Almolda et al. 2009 Almolda et al. , 2011 . In addition, a recent study by Ajami et al. (2011) suggested that although T cells and endogenous microglia are responsible for disease initiation, infiltrating monocytes trigger EAE progression to the severe form of the disease. In this regard, several lines of evidence raise the possibility that VEGF-C may be involved in the pathogenesis of EAE. VEGF-C affects macrophage migration via VEGFR-3 (Skobe et al. 2001; Stepanova et al. 2007) , and VEGFR-3 modulates adaptive immunity by mediating chemotaxis of antigen-presenting cells (Chen et al. 2007 ). In addition, specific functional roles of VEGF in the pathogenesis of EAE have been proposed, although most reports have concentrated on VEGF-A. VEGF-A exacerbates inflammatory demyelinating lesions by inducing focal blood-brain barrier breakdown and monocyte recruitment in EAE rats (Proescholdt et al. 2002; Zhu et al. 2008; Sasaki et al. 2010 ). Collectively, these results, including our new findings, suggest that, in addition to VEGF-A, the VEGF-C/VEGFR-3 system may mediate the recruitment of monocytic macrophages to the inflamed spinal cord, contributing to inflammation during EAE, and that this system may be involved in the activation and migration of intrinsic microglia during disease progression. Thus, further studies using macrophage-specific VEGFR-3 null or overexpressing mice could help to further elucidate the role of VEGFR-3 in microglia/macrophages in EAE.
Induction of VEGFR-3 mRNA and protein was also noted on reactive astrocytes in the white matter during the inductive stage of EAE, and this expression progressively increased during the peak stage. This is in accordance with our previous report that VEGFR-3 induction in reactive astrocytes is a generalized phenomenon following ischemic injury (Shin et al. 2008 (Shin et al. , 2010 . There are several studies demonstrating the role of astrocytes in forming scar-like barriers that serve to restrict leukocytes to perivascular clusters and limit the infiltration of leukocytes into adjacent CNS parenchyma (Liedtke et al. 1998; Voskuhl et al. 2009; Toft-Hansen et al. 2011) . In this sense, our observation that reactive astrocytes surrounding perivascular clusters of brain macrophages showed VEGFR-3 expression suggests that VEGFR-3 may be involved in the astroglial reactions associated with critical barriers to leukocytes during EAE. However, gray matter astrocytes of EAE-affected spinal cords were devoid of specific labeling for VEGFR-3, despite their increased GFAP immunoreactivity. Although inflammatory lesions preferentially occur in the spinal cord white matter in EAE, the activation of astrocytes also occurs in the gray matter of EAE animals in the absence of any detectable motoneuron loss and distinct inflammatory infiltrates (Aquino et al. 1988; Matsumoto et al. 1992; Wu et al. 2008) . It is unclear why VEGFR-3 is upregulated in reactive astrocytes in the white matter of EAE-affected spinal cords and not in gray matter astrocytes. Therefore, further investigation is needed to determine whether the apparent absence of VEGFR-3 expression in gray matter astrocytes is related to the absence of lymphocyte infiltrates in the gray matter (Bø et al. 2003) and also whether upregulation of VEGFR-3 in white matter astrocytes reflects a function in the astroglial reaction during EAE.
Our data show that the expression of VEGFR-3 progressively increased at transcriptional and protein levels in EAE-affected spinal cords, in close relationship with disease progression. In summary, our study revealed the following: 1) induction of VEGFR-3 occurred predominantly Three-dimensional confocal analysis demonstrated that hybridization signals for VEGFR-3 were observed in reactive astrocytes (arrow) and microglia/ macrophages (arrowhead). (G-I) Higher magnification views of the boxed areas in the gray matter in A-C, respectively. Note that intense labeling for VEGFR-3 was observed in neurons (asterisks in G) and activated stellate microglial cells with thick and short processes (arrowheads) but not in reactive astrocytes (arrows). Scale bars = 200 µm for A-C; 50 µm for D, E, G-I; 20 µm for F. in perivascular infiltrated macrophages in the spinal cord white matter during the inductive phase of EAE; 2) VEGFR-3 expression was also induced in activated microglial cells in the gray and white matter, mainly in the peak phase; and 3) reactive astrocytes in the white matter, but not in the gray matter, expressed VEGFR-3. These data suggest that VEGFR-3 may be involved in the recruitment of monocytic macrophages and in glial reactions in the course of EAE.
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